Next, LeafByte determines what pixels represent the leaf and scale markings using an algorithm 8 1 called connected-component labeling (Rosenfeld & Pfaltz, 1966) to separate pixels into groups 8 2 representing different objects. LeafByte assumes that the largest group is the leaf, and the next 8 3 four largest are the scale markings. This is right in most cases, and when it is not (e.g. there is 8 4 another object in the image), the user can correct LeafByte's assumption by manually identifying 8 5 scale markings (Fig. 1B) .
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If the image was taken at an angle, the scale markings no longer form a square, and the leaf itself 8 7 is distorted, causing error (Supporting Information 2). To correct this skew, LeafByte uses a 8 8 technique called planar homography (Wang, Klette, & Rosenhahn, 2006) to re-distort the image 8 9 so that the scale markings once again form a square. LeafByte uses connected-components 9 0 labeling again on background pixels to identify the holes within the leaf.
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The user can draw missing margins onto the leaf image (Fig. 1C) . Then, counting the number of 9 2 pixels in the leaf and in the holes gives the relative amount of leaf eaten. Summing the number of 9 3 pixels in the leaf and the holes gives the total size of the original leaf in pixels. Because there is a 9 4 known distance between each scale mark, LeafByte can convert numbers of pixels into real 9 5 world units. The photo and results are saved in a CSV file to Google Drive or the phone. To confirm the accuracy of ImageJ and LeafByte, we used both methods to measure artificial 1 0 1 "leaves" of known area". We printed out 16 black rectangles of known area with white "holes" of Botanical Garden and grounds. Leaves were selected to represent a range of morphologies and 1 0 8 were categorized by shape. If the leaf was undamaged, we created artificial herbivory using hole 1 0 9 punches and razor blades to remove 0-50% of the leaf. We recorded whether the leaf was 1 1 0 damaged on the margin (n=36) or only internally (n=22). Herbivory was estimated visually and 1 1 1 using grid quantification (Coley 1983) . For visual estimation, herbivory was estimated to the 1 1 2 nearest 5%. Leaves with 0-2.5% herbivory were rounded to 5%. The leaves were then flattened 1 1 3 between a sheet of printer paper with the scale printed on it and a Premium Matte Film Shield ImageJ provided total leaf area, absolute herbivory, and percent herbivory. BioLeaf and visual 1 1 7 quantification provided only percent herbivory, and the grid method provided only percent 1 1 8 herbivory. We also recorded the time it took to analyze each leaf and record the data. For ImageJ, we did not include the time it took to photograph and upload the pictures. All statistics were performed using R, Version 3.5.2 (R Core Team, 2018). We built global 1 2 3 mixed effects models using the nlme package (Pinheiro et al., 2018) . We dropped non-significant 1 2 4 predictors from the models in a backwards stepwise fashion, assessed pairwise differences 1 2 5 between the methods using emmeans (Lenth, R., 2019), and adjusted for multiple comparisons 1 2 6 using false discovery rate. To test for differences in measurement accuracy between ImageJ and LeafByte, we ran linear 1 3 0 mixed effects models with area and herbivory as response variables. In both models, method was 1 3 1 included as a fixed effect, and the known size of each artificial leaf was set as the reference 1 3 2 value. Additionally, we used an equivalency test (TOSTER, Lakens 2017) to evaluate whether 1 3 3 the methods produced the same results (as opposed to linear models that test for differences). We To analyze the effect of method on leaf area, we ran a linear mixed effects model with leaf area 1 3 8 as the response variable and the interaction between method and leaf shape as predictor To analyze the effect of method on herbivory, we ran a linear mixed effects model with 1 4 2 herbivory as the response variable and the interaction between method and number of holes and 1 4 3 the interaction between method and presence of leaf margin herbivory as predictor variables. To analyze the effect of method on percent area consumed data, we ran a binomial generalized 1 4 5 linear mixed effects model with herbivory as a response variable and the interaction between 1 4 6 method and number of holes and the interaction between method and presence of leaf margin 1 4 7 herbivory as fixed effects. Because low levels of herbivory (0-2.5%) were rounded to 5% rather 1 4 8 than 0% when using visual quantification, we analyzed both the full data set and data where 1 4 9 percent herbivory was greater than 5% to ensure that rounding did not skew our results. We found no difference between the known area and LeafByte for total area (t-ratio=0.126, 1 5 4 df=36, p=0.991, Fig. 2A) or herbivory (t-ratio=1.11, df=36, p=0.512, Fig. 2B ) or between the 1 5 5 known area and ImageJ for total area (t-ratio=- 1.53, df=36, p=0.285, Fig. 2C ) or herbivory (t-1 5 6 ratio=0.793, df=36, p=0.710, Fig. 2D ). On average, LeafByte differed from the known area by comparing LeafByte to the known area, we can conclude that the difference between the 1 5 9 treatments is equivalent to zero (t 36 =20.4, p<0.001, t 36 =-4.40, p<0.001) for both leaf area and 1 6 0 hole area. Similarly, the difference between ImageJ and the known area is equivalent to zero for 1 6 1 both leaf area and hole area (t 36 =-20.2, p<0.001, t 36 =-4.52, p<0.001). On average, leaf area measured by LeafByte was 2% lower than the leaf area measured by ImageJ (t 248 =0.627, p=0.023, Fig. 3A ). There was no effect of leaf shape on leaf area 1 6 6 measurements using LeafByte or ImageJ (log likelihood=221 on 8 df, p=0.565). There was a significant interaction between method and number of holes in a leaf on the area of 1 6 8 herbivory measurements (log likelihood = 979 on 8 df, p=0.003), such that herbivory was 1 6 9 underestimated when there were more holes using the grid method (t 322 =-3.34, p=0.001), but not or ImageJ and grid quantification (t-ratio=-2.02, df= 322, p=0.110, Fig. 3B ).
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There was a significant effect of method on percent herbivory (F 3,107 = 35.8 p<0.001, Fig. 3C ). Neither BioLeaf (z-ratio=-0.871, p=0.820) nor LeafByte (z-ratio= -0.955, p=0.775) were 1 7 5 8 significantly different from ImageJ. Visual quantification overestimated percent herbivory 1 7 6 compared to ImageJ (z-ratio= -5.12, p<0.001), LeafByte (z-ratio=4.87, p<0.001), or BioLeaf (z-1 7 7 ratio=-4.867, p<0.001). The accuracy of each method was not affected by the presence of margin (t-ratio=-0.508 , df=549, p=0.612). BioLeaf was 40% faster than LeafByte (t-ratio=5.41, df=549, 1 8 5 p<0.001) while visual quantification was 85% faster (t-ratio=11.7, df=546, p<0.001). The 1 8 6 presence of margin herbivory slowed down leaf measurements for LeafByte (t-ratio=-3.14, 1 8 7 df=52, p=0.003), ImageJ (t-ratio=-3.79, df=52, p<0.001), and BioLeaf (t-ratio=-2.67, df=52, 1 8 8
